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The Interrelations established in an earlier report 
on this subject (iTAOA CM. No, 921) are used to study the 
test assumptions for hovering and horizontal flight. The 
effect of the twisted and tapored blade on the rotor effi- 
ciency is analyzed and the gliding coefficient at differ- 
ent stages (from autogiro to, helicopter) of horizontal 
flight compared. To the extent that model or full-scale 
test data are available, they are inclndod in the compar- 
ison, 

KOTATIOIT 



In addition to tho notation employed in the earlier- 
report (T.M. ITo, 921), the following symbols are used: ; 

G (kg)- tare weight of aircraft 

"E (hp) rotor input power 

2»z (hp) input power of regular propollor on autogiro or 
helicogyro ' ' 

V . factor identifying the/flight stag© 

P = 0 autogiro 

1? = 1 helicopter 

' ^ ^ ^ 1 > V > 0 helicogyro 

*"Beitrag zur Aerodynamlk der Prehf lugelf lugzeuge. Part II, 
Luf tfahrtf orschung, vol, 17, no. 7, July 20, 1940, 
pp. 196-203, (Part I has been published as NAOA T.M. 
Ko. 921.) 
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T| static-thrust 'ef ifici/ency-':' • Tl-- S.',^^^". ■ * 1*1 '* Cq" 

€ gliding coefficient of rotating-wing aircraft, 

rotor-ge'ar ef f icifehoi?', ■ aind'^'ef ficiency , of normal 
propeller equated to 1: 

e = ^sh * ^ ?^ + ^d 

with A = V/U ~ M. 

f ratio of parasite area of all nonlifting parts of 

the aircraft to swept rotor-disk area P 

CTq^ y •■ reduced solidity of a tapered "blade ; cr referred' to 
tlade .chord at 0,7R 

'■ rr z to (1 + 0,7 p) •■ • • ■ ■ 

&E1TEEALITIBS 



Depending upon the purpose of use of the rotating- 
v/ixLg- 'air eraf t' -as load carrier, where the speed is second- 
ary^-' or as air ■liiiei' v/ith high cruising speed -« the prin- 
cipal value is placed on a high rotor lifting power or a 
good lift/drag ratio of t'ho '-aircraft . However, since one 
requirement of a rotating-wing aircraft is its ahility to 
take off and land vertically, the -tarb- v;cight ' and the ro- 
tor power available decide the minimum diameter of the ro- 
toS" di'"s'k, ^'---Declsl-ve , finally-, ' is'' the thrust per uiiit po.v/er, 
v/hich follows at 

:^..v;GyU =..:75-: "n ^ , kg/hp • V ■ (78) 

As regards the static- thrust ef-fl-ciency ,"■ T) , it suffices 

to state that, for the present,- it r'anges from 60 to 75 
percent and depends upon t he. _ae..j;p dynamic, design of the 
rotor , ' 

According to equation -ffsy' and "figure 8, the lift ca- 
pacity of a rotor increa.se s. with,, d@cxeas.ing "olade load- 
ing which,, f or _modex?L' J^i.^^^^ .JiJO-.-tia. 
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1000 kilograms total weight, ranges from 6 to 10 kg/in^ , and 
more.f-pr larger and faster types, ■ • 

Figure 9 illustrates the relation between diameter , 
total woiglit, and power according ..to equation (78) , at. 
r\ = 0«7 static-thrust officipncy. The diamotcr resulting 
from figure 9 would just suffice to keep the aircraft hov- 
ering wi.thout ground of foot,* Obviously, a certain oxcoss 
lift is necessary for . climbing, etc., which .requires a cor- 
respondingly greater diamotor, . .Solving equation (78) with 
respect to D, affords ,. 

3 /s 

D = 0. 01065' — ~= ' (78a) 

In other v/ords, a desired percent of change of lift 
requires approximately 1«5 times the rotor diaraoteir. At 
constant r\, for instance, a 15-porcent increase in diam- 
eter raises the lifting power 10 percent. But wi.th consid- 
eration for the weight of tho blades and the sag at static 
thrust**, this rotor onlargomont cannot' bo continued arbi- 
trarily , 

Of further general importance is tho circumferential 
speed at the tip circle, which on modern aircraft' of the 
type Ar C 30 ranges from 100 to 150 meters per s.econd and 
which - as shown later on .- cannot be substantially changed 
for various reasons. 

For estimated prediction of tho "best value, we quote 
tho result of a subsequent calculation, which states that 
the best static thrust coefficient is secured by a blade 
loading of k^g^/a ~ 0.3. .With this value.and D, accord- 
ing to equation .(78a), the equation for., the axial thrust 
(G = kgj^ F tJ^ £) . gives piS - best - tip speed. . in ^ the hovering 

stage : ' ■ 

*In direct proximity of tho' ground, the thrust' for equal 
power input is greater. .Ihis increase.'- in.'lift " is'"' effec- 
tive at a di ,3 tance - of 0,6 to O,8 D 'between- rotor ■ di sk' and 
•ground, and can,, for modern airplane types-, amount to as 
much, as 30 percent*-.- . . • ' • • ■ • 

keep the . blade stresses in flight to a minimum , they 
should •be' flexible in 'bending 'at right angles' to the plane 
of rotation. In this manner, unloading from the centrif- 
ugal force makes it possiblle to lower the bending stress 
to about '20 percent of the inelastic blade. 
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U = m/s (79) 

& 



Figure 10 gives the tip speed plotted against the 
power loading conformable to equation (79) for the practi- 
cal solidity ratios <j = 0,04 to 0.10. It is pointed out 
on this occasion that, while high O" favors the static- 
thrust coefficient, the lower cr is more propitious for 
horizontal flight. Figure 10 shows the power loading re- 
ferred to the total weight. To enablo the rotor to carry 
n times this total weight, the tip speed must further he 
reduced in the ratio l:n, Tho thus-secured U value 
considers only tho hovering stage or the climb. If, in 
addition, the airplane is to have high speed in level 
flight, other viewpoints are involved which restrict the 
range considerably. 

Since the drag coefficient for normal profiles in- 
creases materially when operating in proximity of sonic 
velocity, high Mach numbers must be avoided as much as 
possible (reference l) , Tho highest relative speed on the 
rotating-wing aircraft is at the tip of the advancing 
blade (vj; = 90°) , where flight and circumferential speed 
become additive. If it is assumed that the sum of these 
two speeds is not permitted to exceed a specified value, 
the flying speed will be maximum for each circumferential 
speed, 

Figure 11 illustrates this connection for different 
coefficients of advance X (ratio of flight to circum- 
ferential sp.eed). The limit following the requirement of 
a maximum permissible Mach number is included on the basis 
that the highest relative speed at the blade tip is not to 
exceed 90 percent of the velocity of sound. Since this 
high speed is confined to a small part of the rotor disk, 
the permissible Mach number might perhaps be raised a lit- 
tle without appreciable detriment to the gliding coeffi- 
cient of tho rotor. Theoretically, this produces no 
change in tho speed limitation of rotating-wing aircraft. 

Since tho efficiency decisive for horizontal forward 
flight, the gliding coefficient (of the rotating-wing air- 
craft), .reaches its best value by a caefficient of ad- 
vance n = 0,35 to 0,40, the speed limit of. the best hori- 
zontal ilight.is, according to figure 11, about 300 kilo- 
meters per hour. Of course, by foregoing the minimum glid- 
ing coefficient', it is quite possible to design rotating- 
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.wing, aircraft -with speeds up to 400 kilometers ^per hour 
and more. The then-required coefficients of advance of 0,6 
at around ISO-niotors-pcr-socond tip speed arc ontiroly 
within the roalina of possihilitjr. 

However, it is pointed out, at this opportunity, that 
in the expressed high speed the porfornianco of the rotat- 
ing-wing aircraft is still likely always to he lower than 
that of the fixod-r/ing aircraft hocauso of the high coeffi- 
cients of advance connoctod y;ith it. The chlof advantage 
of the rotat ing-wlng aircraft is that in spite of suffi- 
cient maximum speed, it is ahlo to reduce its forward . 
speed to the hovering stage. This quality will make Jt p-ref- 
orahlo to the ., ortho.dox airplane for many practical purposes, 
even if its top speed is lower. 



DETEHMINATION OF EFFIOIEITCIBS 



The calculation is "based on thV following suhstltuto 
functions f or' :'the aerodynamic force. CQ.ef f i cients of the 
hlade element: 

Ca = .^'^ 
' = 0.011 - 0.0572 + 0,89 

These data .approximately correspond to the U.S. airfoil 
H 12 at . l:30. 'aspect ratio. The parah'ola ' f or \ • was 

chosen so. that 'at, ap = cP, 6,5°, and the, sulisfitute 

function agrees with the true drag coef f i ciont ,* .. 

The t?arust-reduction factor B is - independent of 
the propeller loading and hlade numher - put a.t 0,98; that 
is, the outermost 2 percent of the rotor "blade .has no share 
in the lift, for simplicity,, it is further assumed that 



Since the downwash. is alree^dy contained in 7\g^ when de- 
termining the operating angles on the hlado olomont - and 
moreover, the polar f or ^finite,. aspect ratio is employed - 
the finite aspect ratio is allowed for, twice. The author 
chose this method intentionally, since it is the simplest 
way- of obtaining agreement between theory and t«st. This 
method, though very useful, is, therefore merely an expedi- 
ent until accoptahle downv/ash moasurononts and the polars 
of an airfoil under different angles of yaw make an exact 
calculation possible. 



(80) 
(81) 
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the flapping hinge coincides with the axis of rotation. 
The profile is the- same as given in the earlier report 
(T.M. Eo. -SSI). The huh roslstance is ignored for the 
present. The hlade-mass constant on the rectangular hlado 
is put at V = 12, A tapcrod "blade 3:1 (p = - 2) of the 
same design which at 0,7E has the same chord as the rectan- 
gular version, has ahout Y = 23.4. This value was then 
used as the "basis. 



Static-Thrust Coefficient 

5'or' the hovering stage, the problem is to determine 
the assumptions for an optimum stat ic- thrust coefficient; 

T) = £§a (82) 

2ka. 

First to he defined is the moa^fc heneficial (specific) "blade 
loading kgg^/o" , which is an indication for an average op- 
erating angle on the hlade element,* This calculation was 
made foi- an untv;ir.ted, rectangular hlade "by means of equa- 
tions (11), (13), (14), and (82), and the data plotted 
against the hlade ' loading in figure 12 for different thrust 
coefficients, T]:.q efficiency T) rises with ascending 
thrust coefficient to a maximum at kgg_/ff = 0^195 hlade 
loading, independent of kg^. 

The 'suhs.eq.uont studies pertain to the impr ovemen t . of 
the eff-icioncy hy suitahlo hlado design, For' this analy- 
sis, ksa = 0,009 serves as a basis, which approximately 
corresponds to'tho thrust coof f 1 ci ent of modern rotating-r 
wing aircraft. 

Figure 15 shows the effect of twist on a rectangular 
blade, with solidity O" as abscissa instead of the blade 
loading* The best so iidity . in' figure 13 is- cr ^ 5 percent 

for k„„ = 0,009, which again corresponds to ~ 0,2 blade 

o 

loading^ It is also soon that a 13 tv;ist raises the stat- 
ic thrust coefficient from 67^8 to 74,8 percent, or 10,3 
percent over the blade' with zero twist, 

*Por the rectangular blade, ec[uation (13) affords for t-he 
average operating angle; 

? 32,6 kgjcr 
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_.; „_A,s,.. a. general, r.ulc. , . t.hG-.r ot or- blade s-:wi 11 ■ have only a 
little twist in co Jisi dorat i on of forward flight and the 
autorotation ahility endangered hy a greater twist. In ^ 
practice, therefore, the twist is not likely to exceed 8 
to 10°. 

A further means for impr oving ; the static-thrust effi- 
ciency is afforded "by the taper of the "blade; that is, 
taper of blade chord tovjard the tip. Hero also the im- 
provement is the result of a more uniform spanwiso load 
di strihuti on, the resultant of the tangential forces gov- 
erning the torq_ue traveling inwa,rd and thus "becoming effecv- 
tive on a shorten lover arm, 

Figure 14 illustrates the improvement afforded "by a 
change from a simple rectangular "blade to the untiiristed 
and twisted taper ed "blade . Iho "best solidity is again 
reached at 5 percent, that is, at a "blade loading of 

^ 0,2, on the "basis of 0,7R "blade chord, A'ccording 

to figure 14, the efficiency "by "best solidity of 67,8 per- 
cent for a rectangular "blade rises to 72,2 percent on the 
untwisted tjlade and to 77,6 per.cent on the tapered tlade 

v;ith 6 percent negative txifist. The taper factor was p = 
2 

~ — ; on a "blade continuing to rotor center the chord, of 

the innermost "blade element to the theoretical chord 
(rounding off disregarded) at the blade %x-p the ratio 
would be as 3:1.- This 6° twisted bl.ade approximately cor- 
responds to the blade form in modern designs. 

To sum up, it may be stated that as regards hovering 
(vjithout consideration to forward flight) a -rotor of light 
blade loading with low tip speeds is propitious. -A suit- 
able blade loading is ksa/°" = 0,2, With a twisted tapered 
blade, the efficiency can be improved by about 15 percent 
over a normal rectangular blade, which is about eq^uivalent 
to a 10-percent lift increase by equal power input. 

In the following, • the optimun solidity is briefly dis- 
cussed' whi ch , nathenatically , does not become evident with 
the asstimption B.'= 0,98. = constant., Plotting the T) val- 
ues of figure 12 for the best blade loading = 0,2 at 

the differeat thrust coefficients k^^ against the so'lid- 
ity (fig. 16) manifests a steady, slight rise 'in static- 
thrust coefficient with the solidity, which is not in ac- 
cord with the facts. 
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E?:pressing tile circulation decrease at the .felade, con- 
forna"ble. to Prandtl (reference 2)* with. 

B = l'- iZIsa-^^^ • (83)- 

gives the values shown in figure 15 in relation to kga 
for different hlade nunlDers z and hence a raaxinuu of the 
static-thrust efficiency, v/hich is in accord v/ith the 
tests at solidities of iron 8 to 12 percent (fig. 16), 

However, since the optinun is vory ucalcly narked, a 
solidity of 6 percent is not likely to lie exceeded "because 
of the weight of the Tjlades and their sacfiing on the stand, 
Evcij then it affords 'blacles v/ith sufficient static-thrust 
of f i'ciency and adequate high speed.' 



G-liding Coefficient foi- Best Horizontal Plight 

. ■; This inplios the officiencj'- of the best possihlc hor- 
izontal flight; that is, the prediction of the nornally 
attainable lowest gliding ccofficidnt without regard. to 
speed, ¥e proceed fron the coefficient of advance = 
0,35, that is, the value at which tho host glidinj-; coeffi- 
cient nas'' "bo expected, according to past inf ornation, The 
280-kilor.ieter s-per-hour speed lini'.tation connected vrith it, 
according. to figure 11, is disregarded, 

Tho solidity, in accord v;ith modern designs, is put 
at CT = 0,05,' This is tho sane value that gave tho hest 
.static— thrust coefficient for kg^^ = 0,009 in the hovering 
•stage, Tho, first task involves the do tornination of the 
■best Tjlade loading, Inasnuch as a change in hiado loading 
at a given solidity is* equivalent to a change in thrust co- 
efficient, the coefficients of horizontal thrust and torque 
were conputed for kg^-w 0,005, 0,0075, 0,010 (correspond- 
ing to a Tslade loading -^sa/^ ^ 0,10, 0,15,' 0,20)' and plot- 
ted against a (figs. 17 to 21), along v/ith the hlade an- - 
gle of attack ■dg necessary for each slope of the normal 
plane to produce the required tilrust (lift). 

In equation' (4), v is replaced ty v^, and v in tho 
d enoa inator disregarded with respect to , O)^ , With = 
' tj kga^/l ,4,- ' it-affords 

a = ■ 1 'B = 2_ln_2 Vkga • \ ' ~ 
1,4 z ^ 
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figures -17 t o 1'9 show thi s re suit f oi? a- rot o-r with a 

rectangular hlade' of zero twist; and figures 20 and 21, for 
the hest of the three explored hlade loadings ksa/o" = 0,15» 
based on a rectangular "blade of 6° negative twist and a ta- 
pered "blade ^p = - ^ of zero twist. 

The results were obtained in the following manner: 
is first 'ohtained from the axial thrust ecjuations (13) and 
(41) as functions of the "blade loading and the "blade angle 
of attack, respectively, and then written in the formulas 
for the torque and the normal thrust coefficients.. With 
Ad and kga, the related a value is afforded from' 
eaTiatton (l), thus leaving the transformation of the coordi- 
nates to "be ejffected. By this transition to the propeller - 
to the wind system, the calculation of kgjj^ (horizontal 
thrust) was made with cos a = 1, and the vertical put equal 
to the axial thrust (fig. 4), Since in the^case of practi- 
cal interest ccmax reaches a"bout 10° to 14 , this omission 
has no significance so far as'the result is concerned. 
Breakaway of flow v/as accounted for "by kga^/cr = 0.15 with 
"b" = 0,7,' and "by ksa/cr = 0,20 with "b = 0,98,' 

Further evaluation of the thus-o"btained data consists 
in the calculation of the gliding coefficient e-, according 

to ■ ,' ; . 

r - - ^^sh + f + ^d ' (84) 

kg-y, X kgy 

3 

where f X allows for the effect of additional 'resist- 
ance, such as fuselage, landing gear, and so forth. The 
factor f characterizes the ratio of parasite drag of all 
nonlifting parts of r otating-wing aircraft to swept rotor- 
disk area. All mechanical- efficiencies of energy • trans- 
mission and propeller efficiency are .disregarded in cqua- 
tion (84) "because of thqir &u"bordinate role at this point. 

In Part I (T.II, Ho. 921) it was stated that the re- 
quired lift "by equal rotor speed can he attained "by differ- 
ent flight attitudes. The two extreme cases are "briefly 
rdviewed: 

Autogiro ; Up to a'bout 5° "blade angle of attack and 
positive setting of the normal plane relative to the air 
stream, the ro.tor; is driven "by the relative wiiid. A reg- 
ular tractor propeller serves for overcoming the total 
drag, ■■ • 
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Heldoopt er ; - She normal plane', of a powerir-driven rotor 
is tilted ■ forv/ard (negative a) until the rot or . it self 
■overconos it s. .own ■ drag- and that of the aircraft. Thg 
tlado angl.es -of attack must be increased to about 10 ;to 
12 ; a separate propeller is no longer required, 

Jigurp 22 gives the officienc7 of hori zontal , flight 
"by 0,35 cobfficient of advance for. those tVro extrene cases, 
without .allov/ing for additional drag. The curves' show the 
reciprocal gliding coefficient of a rotor with rectangular 

/blade 'of zero twist in relation- to the blade loading. 
I'or appraisal of the effect of twist and taper, the points 
for a twisted, rectangular blade and a tapered blade of 

'zero twist have been added for ^bq,/'^ ~ 0,15, Che helicop- 
ter shows a temporary superiority over the autogiro for 
f = 0, But, since a pi-actical apprai sal " of the different 
flight stages must take additive resistance into account 
also, this comparis&n will 'be referred to again, later, 

Eha. bo st .-gliding coefficients for the autogiro v/ith 
' siEiplQ . that . is , rectangular blade of zero tv/ist, lies at 
l^sa/o" = and for tho' l?-<3licopter at '0,14, Izj other 

v/ords, to maintain the best c on changing from hovering- 

(best value at k^„/.cr. = 0,20) to forward flight, theoretic- 

b a ' 

ally requires an increase in' rpn wiaich ,- according to fig- 
ure 22, should amount to 12 percent for the autogiro and 
20 percent for the helicopter, 

This well-known displacement of best blade loading on 
autogiros is in r.ccord vrith v;ind- tunnel test data. The 
extensive:, measurement s' by Wheatley (reference 3 ) and eval- 
uated' by; ''fiphonemsor (reference 4) give, for instance', the 
best gliding coefficients at kga/o" = 0.15 blade loading. 
.Corresponding helicopter tests are lacking. 

Per appraisal .of the absolute values of the theoreti- 
cal maximum efficiency of the helicopter, various full- 
scale- measurements, as reported by Oiervain a lecture be- 
fore the Eoyal Aeronautical .'So.cxo-byi.' on March 15, 1935 
(rcfer-enoQ 5) nay be .employed. According to this, 
Wheatleyli's experiments on U.S. autogiro rotors yielded 
gliding coefficients of from 1:8 to 1:10, !Dhese figures 
would .aS3:ee with the present ..calculation, .which gives 
l:8i4 as best value for the rectangular blade. The ta- 
pered blade affords mathematically an' inprovenent to about 
1:9 - thus also falling into liTheatley ' s range of 'test val- 
ues, which likewise include blade shapes differing from 
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■the plain rectangular, blade. It should Tae ■bqr-ne in' nind 
that on 'tlie tapered blade, with the sane comparative so- 
lidity cTq 7, the decisive outer blade elements operate at 
a lower characteristic coefficient than on the rectangu- 
lar blade. Since this fact had not been taken into ac- 
count in the calculation, the inprovenent in theoretical 
gliding coefficient achieved here probably does not becone 
conplotely nanifest, Cierva quotes e = 1:13 to 1:14 as 
optinuh values obtained by hinself. However, since nei- 
ther these nor sinilar favorable gliding coefficients have 
ever been definitely obtained up to now - neither by full- 
scale nor on nbdels - these figures seen a little too op~ 
tinistic. 

Obviously, the gliding coefficients usually obtained 
in model tests, with a naxiriun of about 1:6, are "substan- 
tially noro unfavorable and not " sunnar ily applicable to 
appraisals of optiniin values obtainablo at full scale. 
This is chiefly duo to the snail characteristic values 
and, in a lessor dbgrco, to the additional losses usually 
caused by the disproportionate danpors, hinges, and so 
forth, v/hich do not always lend thensolves to satisfactory 
nathcnatical treatncnt. 

The effect, of twist v/as illustrgtod on a rectangular 
blade with negative twist' = - .6 ). for ■ kga/cT- = 0.15. 

The gliding coefficient of the helicopter showed an in- 
provenent fron 1 : 10,3 to .1: 10.9 . On the aut oglro ; with op- 
posed flow, this negative twist, detrimental because the 
nornal plane for .the windnill state nust be set .too ste-ep 
as a result of fhe" inferior autorotation ability, 

•The tapered blade affords an inprovenent on the auto- 
giro as on the helicopter, v/ith' an. absolute best- va.lue of 
e =. 1:11. ' conputed on the basis of a blade taper of. -3:1 

(p = ~ -i-j. With concurrent blade twist, this value pre- 



sumably can be raised to about. 1:.12 .which, in the author's 
opinion, is probably the upper limit for the present. 

The effect of additional resistances is illustrated 
in figure' 23 , v/horo the reciprocal- €' o;f a r.otor.is plot-' 
ted against the per f ornan'ce' factor u ( character! zatioia 
of flight stage) for various parasite- areas,. The- perforn— 
ance factor is defined as the ratio of rotor input power to 
total power. G-iven the € of a rotating-wing aircraft, 
the performance' factoi* v can be conputed according to 
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V = -__A_ --.-;-: ■ v ' • , • . (35) 



sv 



ligure 23 also shows- -the different angles of attack 
of the nornal plane necessar-y to oVercoae the -resistancos 
of the aircraft in the helicoptel" state. The ch'oseh.' rep- 
resentation has the' advantage of placing for a constant 
all potential flight stages on one straight line, which 
passes through the zero point of the coordinates- with the 
inclination X kgy/k^. The curves for c xirere hased on 
parasite areas of f = 0.003 and f = Q.005. The last 
value corresponds, for present-day dinensions, to a normal 
rotating-wing aircraft of the type of the C 30. f = 0,003 
represents a particularly clean aerodynamic de sign. On the 
autogiro (u = O) the parasite areas lov/er the gliding coef- 
ficient from 1:8,4 to 1:6,0 and 1:4,6, respectively. In 
the pure helicopter - state (u = l), c is raised from 
1:10,3 to 1:6,9 and 1:5,1, respectively. The forward tilt 
of the normal plane must, as a result og the additional re^*- 
sistances, he increased from a = - 6,3 of the rotor vrind- 
mill state to -9,5 and -12,7 , respectively. 

(iThile the helicopter is superior for f = 0, tljchest 
e for f = 0,006 lies with the lielicogyro, Honce the su- 
periority of the helicopter diminishes with increasing 
parasite drag relative to the other flight stages. 

In the foregoing investigations the efficiency of the 
rotor drive and of a regular propeller required on occasion 
(dutogiro or helicogyro) is disregarded. Since the gear 
efficiency is ordinarily sulDstantially higher than the pro- 
peller efficiency, the helicopter superiority computed here 
is Gvon mofc in ovidenco. This agrees with the flight 
tests of iFockc's com'bined helicopter-autogiro, which at- 
tained the greater horizontal speed in the helicopter state. 



■ coirciuDiiTG ebkarks 

The host sti'i%c thrust coefficients are , oht.aincd "by 
iDladc loadings of .kgg^/cT = 0,2, according ' t'o the study of 

the hover-ing , stat c , ,.and..this f igiire . can .he rai sed hy about 
15. percent "By using a t.ap,erod ■blade., • - . • 

"Oh, passing from hov-eriiig to horizontal flight, the "best 
blade loading for the explored 'coefficient of advance of 
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0,35 shifts to kga^/c = 0.16 for the autogiro and to 
ksa,/cr = 0,14 for. tlio hol'icoptor , henco the rpmi should to 
increased, 

The absolute bost c is to "be oxpocted at speeds ho- 
low 300 kilometers per hour. It should amount to aTsout 
1:12 for the rotor without additional resistances when 
using a "blade which is favoralDle for hovering sO-sci.. A com- 
parison of the different flight states gives for M> = 0,35 
in agreement with flight tests, a superiority of the heli- 
copter v;hich, though it may not "be generalized', makes it 
likely tha''t the helicopter, "bocauso of its superior take- 
off and landing characteristics, will "be successful in the 
near future. 

Since additional resistances are more detrimental to 
the gliding coefficient of the helicopter than on the au- 
togiro, the greatest value for the helicoptGr should "bo 
placed upon an aerodynami cally favorahle desigmof the 
whole aircraft. 



Translation hy J, Vanior, 

national Advisory Committee 
for Aeronautics, 
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Tables 1,2,3.4. 







10»*<, 


ijV. 






Am = 0,003 


0,06 
0,09 
0,12 
0,18 
0,21 
0,30 


0,213 
0.173 
0,166 
0,147 
0,148 
0,164 


38,6 
47,5 
52,6 
56,8 
56.5 
53,3 


*„ = 0,006 


0,06 
0,09 
0,12 
0,18 
0,24 
0,30 


0,496 
0,418 
0,384 
0,364 
0,368 
0,380 



46,9 
66,6 
60,4 
63,8 
63,0 
61,0 





Tabla 


2 (Fig 






ft.. 


A 
^1 


P 


a 


IVki 


V% 


UiUUlf 


-O 


0 


0,02 


0,721 


59,2 








0,03 


0,661 


66,6 








0,04 


0,631 


67,6 








0,06 


0,628 


67,8 








0,06 


0,637 


67,0 








0,07 


0,660 


66,6 








0,08 


0,668 


63,8 








0.10 


0.708 


60,2 








0.12 


0.764 


66,6 


0,009 


— 6« 


0 


0,02 


0.701 


60,9 






0,03 


0.627 


68.0 








0.04 


0.603 


70.8 








0,05 


0,698 


71,3 








0,06 


0.604 


70,6 








0,07 


0,614 


69,5 








0,08 


0,628 


68.0 








0.10 


0.663 


64,6 








0.12 


0.702 


60,8 


0,009 


— 12» 


0 


0.02 


.0.683 


62,6 






0.03 


0,606 


70,5 








0,04 


0,679 


73,6 








0,05 


0,671 


74,7 








0,06 


0,673 


74,5 








0,07 


0,681 


73,5 








0,08 


0,691 


72,3 








0,10 


0,620 


683 








0,12 


0,662 


66,5 





k„/a 


ICkj 


vV, 




km/a 


IV ki 


vV, 


*„ = 0,009 


0,06 


0,825 


61,7 


= 0,012 


0,06 


1,196 


65,0 


0,09 


0,708 


60,2 




0,09 


1,028 


63,8 




0,12 


0,669 


64,7 




0,12 


0,970 


67,7 




0,18 


0,630 


67,8 




0,18 


0,932 


70,4 




0,24 


0,635 


67.2 




0,24 


0,938 


70,0 




0,30 


0,652 


65.4 




0,30 


0,961 


68,4 



Table 8 (ri4.i4> 



"•a 




P 




10* kd 


'/ 10 






Q 


0 02 


0,721 


59 2 






003 


0,661 


65,6 








0 04 


0631 


67 6 








006 


0,628 


67 8 










0 637 


67 0 








0 07 


0 650 


65 6 








o!o8 


o!668 


633 








0 10 


0,708 


604S 








0il2 


0,764 


66,6 


0,009 


0 


-V, 


0,02 


0,685 


62,2 






0,03 


0,616 


69,3 








0,04 


0,593 


71.8 








0,06 


0,590 


72.2 








0,06 


0.595 


71,6 








0,07 


0,607 


70.2 








0.08 


0,621 


68.7 








0,10 


0.656 


65,0 








0,12 


0,697 


61,1 


0,009 


— 6« 




0,02 


0,659 


64,8 






.0,03 


0,586 


72,8 








0,04 


0.569 


76.8 








0,06 


0,661 


77,4 








0,06 


0,663 


77,2 








0,07 


0.560 


76,2 








0,08 


0,670 


74,9 








0,10 


0,697 


71,5 








0,12 


0,628 


67,9 



Table 4. 



#0 




«° 


10»-*i 


IVk^ 


10«- 


2 


+ 0,0269 


+ 6,3 




- 0,089 




-0,634 




-1,265 


6 


— 0,0111 




-0.9 




- 0,081 




- 0,725 




-0,602 


8 


— 0,0488 




-7,1 




-0,291 




-0,854 




-0,086 


11 


— 0,0868 




13,1 




-0.543 




-0.920 




- 0.782 


14 


— 0,1246 




18.9 




-0,837 




- 0,923 




- 1.524 


6 


+ 0,0290 


+ 5.6 




-0,072 


_ 


-0.456 


+ 1,191 


9 


— 0,0092 




-0,6 




-0.080 




-0668 


+ 0.686 


12 


— 0.0470 




-6(8 




- 0,258 




-0,818 




-0,074 


16 


— 0,0852 




12,8 




-0,455 




-0,906 




-0,764 


18 


— 0,1232 




19,4 




-0,703 




-0,931 




-1,669 


2 


+ 0.024 


- 


-4.8 




- 0,032 




-0,325 


+ 0.955 


4 


+ 0.001 




-1.0 




-0,062 




-0,504 




1-0.641 


6 


— 0,022 




-2,7 




- 0,159 


- 


-0.646 


+ 0,289 


8 


— 0,045 




-6.5 




-0,271 




-0,760 




-0.106 


10 


— 0,068 




10,1 




- 0,401 




- 0,818 




-0,602 


12 


— 0.091 




13,8 




- 0,557 




-0,849 




-0,931 


14 


— 0,114 




17,3 




- 0.711 




-0,844 




- 1,391 


— 1 


+ 0.0474 




1-8.3 




-0,042 




-0,156 




- 0,886 


1 


+ 0,0220 




-4,2 




-0.015 




- 0.274 




- 0.639 


3 


— 0.0032 




-0.1 




- 0.085 




-0.364 




- 0,369 


6 


— 0,0288 




-4,1 




-0.166 




-0.426 




-0,066 


7 


— 0.0538 




-8,2 




-0,264 




- 0.461 




- 0.259 


9 


— 0.0791 




12,2 




- 0,375 




- 0.468 




-0,585 


11 


— 0,1043 




16,1 




- 0,497 




-0,447 




-0.938 


4 


+ 0,0188 


H 


h4,3 




-0,139. 




-1.000 


+ 1,742 


6 


— 0,0064 


+ 0,1 




- 0.018 




- 1.163 


+ 1,184 


8 


— 0.0318 




-4.1 




- 0,193 




-1,299 


+ 0,592 


10 


— 0.0571 




-8.1 




-0,387 




-1,409 




-0.020 


12 


— 0,0826 




12,1 




-0.600 




- 1,491 




-0,600 


14 


— 0,1076 




16,0 


- 


-0,831 




-1,646 




- 1,215 



*«/". = 0,16, #, = 0», p = 0 



*«/" == 0,15, #1 = — 6», j> = 0 



= 0.16, di = 0», p = — «/, 



k^a = 0.10, = 0«, p = 0 



*«/<» = 0,20, #1 = 0». p = 0 
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Figure 8.- Thrust in hovering state 

plotted against Tslale load- 
ing. 




0 2 4 6 8 10 12 14 
Power loading g/it, kg/hp 
Figure 10.- Best tip speed for 
hovering. 
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Figure 11.- Speed linit at liigliest perciia- 
slblo Macli ntinTJor of Q,9, 
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Figure 12.- Static tjirust coef- 
ficient of plain 
rectangular blade. 
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Jigs. 13,14,16 
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figure 14. 

Static thrust coofficiont inproved 
■by changing from a sinple rectan- 
gular tiade to a plain and a tv7ist- 
sd tapered blade iic,^ = 0.009). 



00 



figure 16. 



Static thrust coefficient 

of rectangular "blade with 

zero twist by best blade 

loading ■ /isset \ 
I =, 0.2 

^ 0 / 

relation to solidity. 
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i-igs. 15,17,18,19 
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X ^ = 0.10 n, = 0.35) 

Figure 17.- Plain roctanpnlar 
240 , i= TjlaAG (pq t'-^gt). 




= 0.15 = 0.35) 



rigure 18,- Plain rectangular 
tlale (no twist). 




0.20 jx= 0.35j 

Pigore 19,- Plain roctan^^ar 
T3lade (no twist). 



Pigore 15,- Effect of finite 

"blade nunber and rotor loading 
on the thrust reduction factor B, 





Figure 21.- Tapered "blade, 
zero twist. 
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Jigg. 22,23 



Helicopitar 



w 6 



4 




o Iwisted rectanguLlar ■blade»^=-fi° 
X Taper od "blade (^=0) , p=-2/3 



0.05 



0.15 



0.20 



0.10 

Pigrare 22.- Efficiency of rotor nanning 
"by itself (f=0) in auto^:iro 
and helicopter state. 

(Eectangular tlade, |j,= 0.35, zero twist) 




0 0.2 0.4 0.6 0.0 1.0 

Autogiro Helicogyro Helicopter 

Piguro 23.- Effect of equivalent parasite 
area lay (x= 0.35. 
fUectangular Made, kg* 
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